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I . IHTaODUOTION 
Many clieTnlcal i n v e s t i g a t i o n s have been devoted to deter-
mining the e i f e c t of the add i t i o n of c e r t a i n s u b s t i t u e n t s 
on the nature of a parent molecule. I t was quio :.ly r e a l i z e d 
that the same su b s t i t u e n t appeared to a f f e c t more than one 
system i n a s i m i l a r manner and that thcjss e f f e c t s appeared to 
be r e l a t e d to the e l e c t r o n i c c h a r a c t e r of the s u b s t l t u e n t . 
Suspecting that these s u b s t i t u e n t e f f e c t s could be sub-
jected to a more q u a n t i t a t i v e treatment, Louis Hammett turned 
to a study of s u b s t i t u t e d benzoic a c i d s . The d i s s o c i a t i o n 
constants of such acids were found greater or l e s s than, that 
f o r unsubstituted benzoic a c i d , depending on the nature of 
the s u b s t i t u e n t . Ha.mi:!ett defined a constant, sigma, such that 
^ = log KQ/KIX whGre = d i s s o c i a t i o n const.ant of the s u b s t i -
tuted a c i d and K•̂  = d i s s o c i a t i o n constant of benzoic a c i d . 
P o s i t i v e values f o r J C -ere, t h e r e f o r e , assigned to groups that 
enhanced a c i d i t y , or to those groups that a t t r a c t e d e l e c t r o n 
d e n s i t y , Hegatlve values f o r (T were obtained f o r groups that 
decreased a c i d i t y , or donated e l e c t r o n density to the aromatic 
syste.m. 
By applying these newly defined slgma constants to other 
aromatic systems, such as the d i s s o c i a t i o n of phenylacetic 
a c i d s , he found that log KQ/K^ = where Kg i s the ac i d 
d i s s o c i a t i o n constant f o r the su b s t i t u t e d a c i d , f o r the 
unsubstituted parent, 07 i s tne constant de.fined from the benzoic 
a c i d s e r i e s , and ^ i s a constant c h a r a c t e r i s t i c of the s e r i e s . 
Thus, a plot of log K g / % versus ^or each sysxem yielded 
a s t r a i g h t l i n e vmose slope, JL , provided a measure of the 
s e n s i t i v i t y of the p a r t i c u l a r s e r i e s to changes i n s u b s t i t u e n t 
groups—the g r e a t e r the slope,the more profound the e f f e c t . 
Recogniiing the u t i l i t y of presenting data i n v o l v i n g 
s u b s t i t u e n t e f f e c t s i n such a l i n e a r manner, other workers 
began to t e s t t h i s c o r r e l a t i o n of g:^constants with various 
types of measurements.^ Other e q u i l i b r i u m constants (K) as 
w e l l as r a t e constants ( k ) v/ere equally well-handled by such 
an approach, hot only these r e a c t i o n parameters, but also 
spectroscopic parameters, l i k e i n f r a r e d absorption I n t e n s i t i e s , 
I n v o l v i n g the p h y s i c a l r a t h e r than chemical nature of the 
molecules were also found l i n e a r l y r e l a t e d to these s u b s t i t u e n t 
constants. 
l u c l e a r 'magnetic resonance (nmr) spectroscopy pararaaters 
appear to r e f l e c t tne e l e c t r n a i c nature of the absorbing 
center; thus, s u b s t i t u e n t s might be expected to s y s t e m a t i c a l l y 
a l t e r the value of these parameters. A broad i n v e s t i g a t i o n of 
such s u b s t i t u e n t e f f e c t s on nmr parameters has been undertaken 
j o i n t l y by Ursinus and F r a n k l i n and Marshall Oolleges i n systems 
of the types: 
3. 
These studies have been undertaken . to determine i f c e r t a i n 
nmr parameters can be c o r r e l a t e d with Hanmiett J L I cons bants. The 
p a r t i c u l a r parameters include: 1.) Chemical s h i f t s ( S ) of 
the cji^methyl groups i n compounds of type J ^ ; 2.) Carbon-13 
protmcoupling constants ( J( J13H1) of these same methyl groups; 
and 3.) the " i n t e r n a l chemical s h i f t " of the f i r e t h y l 
groups i n conipoun'.3 of type I f these mmr parameters can be 
found dependent on these 5C constants, then the slope of the 
r e s u l t i n g l i n e a r plots can be evaluated i n terms of the 
r e l a t i v e a b i l i t i e s of the p a r t i c u l a r Y atoms studied to pass 
on sub s t i t u e n t e f i s c t s to attuched groups. The gre a t e s t slope 
would r e s u l t from the s e r i e s vihose heteroatom possessed the 
grea t e s t " t r a n s m i t t i v i t y " a property which vvould be expected to 
depend on the ab;.lity of the p a r t i c u l a r ato ,i to I n t e r a c t with 
the aromatic eleotron system. 
I n systems of type J ^ , the c h e i i i c a l s h i f t ( S ) of the 
o^-methyl group(s) i s a f u n c t i o n of the e l e c t r o n i c environ-
ment of the absorbing proton.3 I f dlamagnetic s h i e l d i n g i s 
considered, then an electron-withdrawing group ( p o s i t i v e 
constant) w i l l remove e l e c t r o n density from the absorbing 
center, reducing the magnitude of the f i e l d . i n d u c e d to oppose 
the applied magnetic f i e l d . These "desnielded" protons w i l l 
then absorb at a lower f i e l d s t rength, or show a greater 
chemioal s h i f t r e l a t i v e to t e t r a m e t h y l s l l a n e (TMS) than those 
i n molecules without such a subsuituent. Thus, chemical s h i f t 
data plotted versus or" constants might be expected to sho'w a 
4 
l i n e a r r e l a t i o n s h i p with a p o s i t i v e slope whose magnitude can 
be i n t e r p r e t e d as a r e f l e c t i o n of the a b i l i t y of the p a r t i c u l a r 
atom to transmit s u o s t l t u e n t e f f e c t s . 
S everal groups of workers have explored such chemical 
shift—Hammett r e l a t i o n s h i p s wltn good r e s u l t s f o r s u b s t i t u t e d 
ani3olas,4 toluenes,^ tert.-buty1benzenes,3 and N.N-dimethyl-
anilines.'-^ I n studies r e c e n t l y c a r r i e d out j o i n t l y a t Ursinus 
and F r a n k l i n and M a r s h a l l , Yoder, Tuck, and Hess/ i n v e s t i g a t e d 
toluenes, a n i s o l e s , tert.-butylbenzenes, and H,N-dlmethyl-
a n i i i n e s while t h i s author^ l a s t year commenced a study of 
a r y l m e t n y l s u l f i d e s and aryldimetoylphosphlnes. 
These chemical s h i f t r e l a t i o n s h i p s have been found solvent 
dependent. Since the above-mentioned aryldlmetriylphosphines 
could not be studied i n carbon t e t r a c h l o r i d e , the solvent 
p r e v i o u s l y used, benzene was employed. The chemical s h i f t 
versus g^plot f o r t h i s data r e s u l t e d i n a l i n e ./1th good 
c o r r e l a t i o n ; however, the slope was negative i n value with a 
magnitude much greater than t e a t observed f o r the other 
series.'"^ Bowie, Ronayne, and Williams observed a s i m i l a r 
change i n slope f o r a s e r i e s of s u b s t i t u t e d a n i s o l e s which 
they a t t r i b u t e d to e i t h e r a charge-transfer or dipole-Induced 
dipole complex between benzene and the solute molecule. 
Since chemioal s h i f t s are a f f e c t e d by any changes i n e l e c t r o n i c 
environaent, such a com-hex, whicn would r e s u l t i n greater 
e l e c t r o n density,, depending on the strength of the complex, 
would be expected to markedly a f f e c t the cheLiiical s n i f t s i n 
5. 
thase systems. • ' . 
' T h i s p r o j e c t sseics to extand the study.of S - g 7 r e l a t i o n -
Ships to a r y l d i m e t a y l a r s i n e s (type 2,) •̂̂ '̂  "̂"̂  f u r t h e r those 
begun f o r a r y l m e t n y l s u l f i d e s (type j l ) and a r y l d i m e t h y l -
phosphines ( t y p e ^ : . . ' 
OS 
s(0H3)2 
•5 • - ' I " • 5 
^tJ-J 
The e f f e c t of various solvents on these r e l a t i o n s h i p s i s also 
explored, " . . ..  •-
Oarbon-O proton coupling constants ( J ) have been shown 
r e l a t e d to the s c h a r a c t e r of the 0-H bond and to the e i f e o t i v e 
nuclear c h a r g e * A c c o r d i n g to Bent's i s o v a l e n t h y b r i d i z a t i o n 
model''^, an electron-donating substituent (negative value) 
decreases the e f f e c t i v e e l e c t r o n e g a t i v i t y of the e n t i r e /iromatic 
system to which the raethyl group i s attached I n systems of 
type 2,. This decreased e l e c t r o n e g a t i v i t y would r e s u l t , i n 
t u r n , i n decreased s character and nuclear charge i n the 0-H 
bonds and, therefor©, i n a smaller coupling constant. The 
work c a r r i e d out here and at F r a n k l i n and M a r s h a l l r e p r e s e n t s 
the f i r s t attempts to r e l a t e ' J Q I ^ H ^ with Haiaiuett constants and 
has r e s u l t e d i n s u c c e s s f u l c o r r e l a t i o n s . Since coupling 
constants should be r e l a t i v e l y f r e e of solvent or anlsotropy 
e f f e c t s , such J versus g- plots night o e t t s r r e f l e c t s u b s t i t -
uent e f f e c t s than the p l o t s i n v o l v i n g chemical s h i f t data i n 
a 
6, 
which such cooiplioations cannot be e n t i r e l y eliminated. This 
project also involves an extension of such coupling constant 
i n v e s t i g a t i o n s to the a r s e n i c system (type 2) and a continuation 
of that begun l a s t year on the phosphorus (type and sulphur 
(type 4J s e r i e s . 
I n systems of type 2j two che.nioal s h i f t s can be determined-
one f o r the metiiylene ( O H 2 ) and one f o r the methyl ( O H 3 ) 
protons. D a i l e y and 3hoolery^2^ studying a s e r i e s of s u b s t i -
tuted ethanes, have suggested that the d i f f e r e n c e between 
these two values, c a l l e d the " i n t e r n a l chemical s h i f t s , " i s 
a r e f l e c t i o n of the e l e c t r o n withdrawal of an actached sub-
s t i t u e n t . Tnus, i n aromatic systems of type 2j, i t might be 
expected that t h i s I n t e r n a l chemical s h i f t ( ^ ) should also be 
r e l a t e d to Hammett 37. constants? i n a manner anal ago us to 
that found f o r chemical s h i f t s and coupling constants. These 
A-g7 plots might also serve as an e f f e c t i v e means of e l i m i -
nating anlsotropy c o n s i d e r a t i o n s . Since both the methylene 
and methyl groups should experience s i m i l a r anlsotropy e f f e c t s , 
the s u b t r a c t i v e process used to obtain A , should negate these 
e f f e c t s . This project represents an atte.npt to e s t a b l i s h 
A versus ^ r e l a t i o n s h i p s f o r e t h y l benzenes (type 6), 
phenetoles {type Jj , N , l l - d l e t h y l a n i l i n e s ( t y p e ^ , and a r y l -
diethylphosphlnes ( t y p e ^ : 
OOH2OH3 
I 
A comparison of the various types of c o r r e l a t i o n s of 
nmr parameters with <E7 constants f o r each of the s e r i e s should 
provide a means f o r evaluating not only the r e l a t i v e t r a n s -
m i t t i v i t l e s of the atoms studied, out also the various methods 
employed to study these e f f e c t s . Once s a t i s f a c t o r y c o r r e l a t i o n s 
have been obtained f o r the various s e r i e s examined, then the 
e f f e c t of s u b s t i t u e n t s prevloosly unstudied can be evaluated 
by employing those groups as s u b s t i t u e n t s on any of these 
s e r i e s . Hot only can q u a l i t a t i v e statements be made by 
comparing the s u b s t i t u t e d compound's parameters w i t h those f o r 
the unsubstituted parent of the s e r i e s , but also more quant-
i t a t i v e e valuations raay be made by using regression a n a l y s i s 
values to determine appropriate 21 constants f o r these groups. 
Such s u b s t i t u e n t i n v e s t i g a t i o n s can provide an i n d i c a t i o n 
of the types of bonding employed i n these systems, e s p e c i a l l y 
f o r s e r i e s i n v o l v i n g elements of the second or t h i r d row of the 
periodic table (sulpnur, phosphorus, a r s e n i c ) . I n such systems, 
tvfo types of resonance I n t e r a c t i o n s might be p o s s i b l e — 
(^""IlV type i n t e r a c t i o n s , also operable f o r the f i r s t row 
oxygen and nitrogen analogs, which Involve an unshared p a i r of 
electrons from the heteroatom: 
^^'^^ ( R " ! ) ^ i n t e r a c t i o n s , not operable f o r f i r s t row elements. 
8 
whloii f o r m a l l y place tv/o of the aromatic e l e c t r o n s Into the 
empty d o r b l t a l s of the heteroatom: 
The mar data might provide a clue as to the r e l a t i v e Importance 
of these two types of i n t e r a c t i o n s . 
9. 
I I . SIHTHESIS 
The compounds used I n tiois study that were obtained 
commercially were assumed pure since they showed no spurious 
s i g n a l s i n t h e i r nmr s p e c t r a . Most of the a r y l m e t h y l s u l f i d e s 
a r s i n e s (type 2) were prepared as part of the College Scholars' 
q 
P r o j e c t and the d e t a i l s of those preparations were included 
i n that r e p o r t ; only the general methods f o r these compounds 
aryldiethylphosphlnes (type ^ , phenetoles (type J ) , and 
d i e t h y l a n i l i n e s (type 8) were prepared as part of t h i s p r o j e c t . 
t i v e l y s t r a i g h t f o r w a r d manner i n v o l v i n g methylation of the 
appropriate c o a a e r c i a l l y a v a i l a b l e nercaptans using methyl 
iodide i n the presence of sodium hydroxide and methyl a l c o h o l : 
A f t e r two hours of r e f l u x , the product was i s o l a t e d with l i t t l e 
ooritaailnation from by-products, ho e f f o r t had been mads to 
maximize y i e l d s , but i s o l a t i o a of 50;% or more was not uncoaimon. 
Only the n-t-butylpneaylmethylsulfide appeared to be of new 
composition, not previously reported i n the l i t e r a t u r e . 
Prepared i n t h i s manner were the fo l l o w i n g members of the s e r i e 
are suramarlsed here. Sev e r a l aryldijiiethylphospliines ( t y p e ^ , 
The a r y l m e t h y l s u l f I d e s ( 4 J had been prepared'in a r e l a -
2-00H3, ^~0H3, m-0H3, j)-0(0H3)3, jb-Ol, ^ - B r , £-102. 
10 
The preparation of the odiferous aryldimethylphosphines (^) 
had proved more challenging: 
+ P O I 3 
AlOl 
P O I 2 
P(0H3 )2 <r 
0H3Mg01 
The d i f f i c u l t y l a y i n the s u c c e s s f u l preparation of the 
phosphonous d i c r i l o r i d e , a task which was not made e a s i e r by 
the questionable nature of some of the e a r l y l i t e r a t u r e . The 
procedure was suggested by M i c h a e l i s ' ^ i n the l a t e nineteenth 
century and involved a modified f r i e d e l - G r a f t s r e a c t i o n . An 
apparent ooaplexation between aluminum c h l o r i d e and the 
v/ater~sensitive product inade i s o l a t i o n d i f f i c u l t . L a t e r 
workers suggested the use on various compiexing agents 
l i k e phosphorus o x y c h l o r i d e ^ o r p y r i d i n e ^ ^ iq inprove the 
y i e l d . The proper choice of c a t a l y s t (aluminum c h l o r i d e , 
f e r r i c c h l o r i d e , or none) and the molar r a t i o of r e a c t a n t s 
were apparently c r i t i c a l f o r success; however, no one set of 
conditions could be applied to most of the members of the 
s e r i e s . E a r l y workers ignored the formation of anything but 
the para isomer i n t h i s f r i e d e l - d r a f t s r e a c t i o n . More recent 
work^^ i n v o l v i n g i n f r a r e d data, i n d i c a t e d t h a t the q u a n t i t i e s 
of the ortao and meta isomers are n e g l i g i b l e . 
The phosphonous d l c h l o r i d e s were r e a d i l y converted to the 
d1methylphosphines through an exothermic treatment with 
11 
methylmagneslUiii c h l o r i d e I n tetrahydrof urane (THF). Mo evidence 
f o r the p r i o r s v n t h e s i s of some of these compounds could "be 
found. P r e v i o u s l y prepared laeubers of the s e r i e s included: 
2-H, £-Br, 2-^1, 2-0%» ^-OOH^, ii-N(0H3)2. 
Using methods analogous to those employed f o r jD-methoxy-
phsnyidimethylp^iosphlne and ^-IJ'i-dime t h y l a i i l l y l dim e t h y l pho sphin®i 
two a d d i t i o n a l members of the s e r i e s were prepared~~2~ethoxy-
phenyldlmethylpnosphlne and 2 - U , u - d l e t h y l a n i i y l d i m e t h y l -
phosphine. Sev e r a l aryldiethylpnospnines were prepared from 
the p r e v i o u s l y synthesized arylphosphonous d l c h l o r i d e s . I h l S ; 
i nvolved, as f o r the iimetnylphosphines, the slow addition of 
the phosphonous d i c h l o r i d e to a c h i l l e d s o l u t i o n ox e t h y l -
magnesium c h l o r i d e i n IHF. Two to three hours of r e f l u x 
proved s u f f i c i e n t f o r conversion. 
The a r y l d i m e t h y l a r s i n e s had been prepared tlirough a 
four-step s y n t h e s i s s t a r t i n g with the appropriate aromatic 
amine: 
12. 
The amine v/as converted to the diazonium fluoroborate s a l t ( j ^ ) 
and then to the a r s e n i c a c i d (J_5,) employing the procedures of 
Organic Syntheses^ ^ and Organic Reactions.'' 9 Treatment with 
sulphur dioxide and hydrochloric a c i d f o l l o w i n g the suggestions 
of Mann, e t . a l . l ^ and Morgan, e t . a l . '̂̂  produced the 
d i c h l o r o a r s i n e (16) i n low wield. 
An unusual shenoiaenon had been noted f o r two members of 
the s e r i e s . The ^ ' i i e i i i o x y and 2-ethoxy pheoylarsonic acids 
upon treatment with sulphur dioxide yielded two s u b s t a n c e s — 
the desired d i c h l o r o a r s i n e and a lower b o i l i n g f r a c t i o n which 
had passed through subsequent methylation unchanged and whose 
s p e c t r a l and p h y s i c a l data had been consisoent ./ith that of 
a n i s o l e ( 1 1 ^ y i e l d ) and phenetole,respectively. This apparent 
carbon-arsenic bond cleavage had not been reported i n the 
l i t e r a t u r e . 
Upon treatment v/lth raethylraagnssium c h l o r i d e i n THF, the 
a r y l d l c h l o r o a r s i n e afforded the f o u l - s m e i l i n g a r y l d i m e t h y l -
a r s i n e s {^J > many of which were apparently new compounds. The 
members of the s e r i e s produced i n t h i s manner included: 
2-OOH2OH3, D--OOH3, U-OH3, m-OHg, n-H, m - 0 0 H 3 , £ - 0 1 , m - 0 1 , 
2-Br, m-3r. 
Methylmagneslum c h l o r i d e , hov/ever, could not be used with 
s e v e r a l d l c n l o r o a r s i n e s containing s u b s t i t u e n t s representing 
the extremes of the sigma s c a l e . For i n s t a n c e , a ^ - h i t r o 
subs ciruent ( 0 , 7 7 8 ; 57* = 1 .270) opcldlzes a Grignard while 
a n-carboet:ioxy group (57= 0.522; q^* = O . 6 7 8 ) r e a c t s to f o m 
13 
an a l c o a o l . Also, the 2~cli-'Tis'iihylamlno { £" = - 0 . 6 0 0 ) coiiipound 
could not be prepared i n the "usual manner" since the s t a r t i n g 
aaiine was not r e a d i l y a v a i l a b l e conmerclally or s y n t h e t i c a l l y . 
Therefore, a l t e r n a t e routes of s y n t h e s i s , suggested by 
Ghe r n o k a l ' s k i i , Gel'fond, and Kamai^^ were t r i e d w i t h , however, 
l i t t l e apparent success. 
The attempted preparations of ̂ - n i t r o p a e a y l d i a e t h y l a r s i n e 
and ^-oarboethoxyphsnyldiaethylarslns involved the preparations 
of the corresponding d i c h l o r o a r s i n e s ( 1 6 ) f o l l o w i n g the scheme 
described f o r the other members of the s e r i e s . However, the 
methylation employed methylcadiaium chloride^B^ an organo-
in e t a L l i c compound which should not be destroyed by n l t r o groups 
or r e a c t with carbonyl f u n c t i o n s . This reagent i s prepared by 
the a d d i t i o n of anhydrous cadmium c h l o r i d e to a s o l u t i o n of 
the methyl Grignard; the r e s u l t i n g magnesium s a l t s are 
believed necessary f o r r e a c t i o n to occurs 
OHgMgOl V OHmOdOl 
16 
«UmM 
I n both cases (X = o-lJOg; b-OOOOHgOH^) r e a c t i o n appeared to occur 
as expected and a yellow s o l i d .vas i s o l a t e d and p u r i f i e d by 
r e c r y s t a l i i z a t i o n . However, tne compounds f a i l e d to diii s o l v e 
i n carbon t e t r a c h l o r i d e f o r nmr a n a l y s i s and an elemental 
a n a l y s i s f o r the supposed ^-o-ar'boetho xy ph enyl d im e t h y l a r s i n e 





Found 2b. Hydrogen: Theo. - 5.99%, Found - 1.54% 
The proposed preparation of n-di;aeth.ylanilyldimethylars ine 
involved the r e a c t i o n of dlmethyllodoarsine (fro^a the reduction 
of cacodylxc a c i d ) with the Grignard reagent f r e s h l y generated 
from 2~bro:!io-l,iI-dlmethylaniline: 
(CH3)2A302H Hgi/KI ^ ( 0 H 3 ) 2 A s I 
30' 
( 0 H 3 ) 2 A s -
\/ 
1 ( 0 1 1 3 ) 2 <r 
BrMg 1 ( 0 1 1 3 ) 2 
The p h y s i c a l properties of the dimethyliodoarsine synthesized 
agreed c l o s e l y with l i t e r a t u r e vaauss23. Thus, the i s o l a t i o n 
from the f i n a l r e a c t I 0 4 on two succeeding t r i a l s , of only a 
substance wnose data v/as c o n s i s t e n t vfitn that of n-bromodlfaethyl-
a n l l i n e suggests that l i t t l e or no Grignard had been generated. 
Apparently, d i f f i c u l t y i n producing the reagent i s not to be 
unexpected.^^ 
A l l of the s u l f i d e s , phosphines, and a r s l n e s possassed 
strong, unpleasant odors; tnose of the l a t t e r two s e r i e s 
were somewhat s i m i l a r but not i d e n t i c a l . Also, a s l i g h t , but 
noticeable d i f f e r e n c e betvieen the dichloro and dimetnyl 
compounds i n these s e r i e s could be detected. Ho systematio 
v a r i a t i o n i n soiell w ith s u b s t i t u e n t cnarige was noted. I n 
a d d i t i o n , the d i c h l o r o a r s i n e s were found to be extreme 3win 
i r r i t a n t s . 
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The phenetoles (Tj were prepared using a aetnod analogous 
to that f o r the a r y l i a e t h y l s a l f I d e s I n v/hich the proper phenol 
(17) was t r e a t e d with e t h y l iodide i n the oresence of sodium 
hydroxide and ethanol: 
NaOH / 'X 
OH + OH3GH2I > /)OOHoOIi, 
17 7 
Hovfever, f o r those phenetoles, r e a c t i o n periods of ta/o to 
three nours, s u f f i c i e n t f o r the conversion of the s u l f i d e s , 
f a i l e d to produce the desired product. By employing r e f l u x 
periods of two or three days, complete e t h y l a t l o n was obtained. 
The end of the reaction, was g e n e r a l l y ffiarked by a color change 
i n which the dark color of the i n i t i a l phenolate anion was 
considerably reduced i n i n t e n s i t y and a l t e r e d i n hue. 
The procedure of Thomas, Blllm a n , and DavisB5 was used to 
prepare the I , i J ~ d i e t h y l a n i l i n e s ; 
\wd2 + ilt3P0^ > V(0H2CH3)2 + H3?04 
W W 
The gentle heating of an excess of triethylphosphate vfith the 
appropriate amine produced an exothermic r e a c t i o n . A f t e r two 
hours of r e f l u x , follov/ed by h y d r o l y s i s , the product was 
ex t r a c t e d and I s o l a t e d . An attempt to apply t h i s method to 
l o d o a n i l i n e , nowever, r e s u l t e d i n the l o s s of iodine and the 
preparation of I j E - d i e t n y l a n i i i - n e . 
16. 
The preparation of ̂ "©'fc^ozy'benzonitriie followed a 








Oare, hcwever, must be exercised to n e u t r a l i z e any a c i d i t y 
before the add i t i o n of cuprous cyanide to prevent the 
l i b e r a t i o n of hydrogen cyanide. 
1 7 . 
I I I . EXlEaiMSNT/IL 
D-Et oxyphenylpho3phonous d i c h l o r i d e was synthesized by 
a procedure that c l o s e l y followed that suggested by G e f t e r ^ f 
f o r the 2~î ®'t9ox;v analog. I n a 1 - l i t e r , 3-necksd f l a s t f i t t e d 
with a Talboy .iiecnanical s t i r r e r and F r i e d r i c h s condenser 
(arranged so that an HOI e x i t hose l e d d i r e c t l y to the hood) 
was placed anhydrous f e r r i c c h l o r i d e (60.0 g; 0.37 mole), 
phosphorus t r l c m l o r i d e (114 g; 0.34 mole) and phenetole 
(103 g; 0.34 aole ) . The r e s u l t i n g brown mixture was r e f l u x e d 
f o r four hours a f t e r which the orange - mixture was s t i r r e d 
overnight v/ithout heat. An a i d l t i o n a l r e f l u x period of two 
hours was follo'wed by e x t r a c t i o n witm petroleuLU ether (30 - 60O0; 
t o t a l volume =400 liil) i n s e v e r a l portions. Removal of solvents 
at atmospheric pressure l e f t behind a yellow l i q u i d which when 
subjected to vacuum d i s t i l l a t i o n (employing a Vigreux column 
4" long and wrapped with a heating- tape) y i e l d e d 2-e"thoxyphenyl-
phosphonous d i c h l o r i d e , bp 123-260/0.35 t o r r ( l i t . ' ' ^ bp 2 6 6 0 ) , 
(32.7 s; 17.5% y i e l d ) . 
2-Et/ioxypbenyidImetnylphosphlne was prepared i n the 
follov/ing manner. A 5 0 0 ml, three-necked f l a s k , f i t t e d 
v/lth a magnetic s t i r r e r , pressure-equalizing dropping f u i n e l , 
and e f f i c i e n t west condenser with calcium c h l o r i d e drying tube 
had added to i t methylmagnesiuiri c h l o r i d e (63 ml of 2 . 2 M i n 
THF; 0.15 mole; F i s h e r d o i e n t i f i c Ocipany). The f l a s k was 
placed i n an ice-bath and ̂ -ethoxypneaylphosphonous d i c h l o r i d e 
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(13.0 g; 0.058 mole) was added dropwise with extreme caution. 
S i x hours of r e f l u x was fol.-Owed by the dropwise addition of 
s a t . ammonium c h l o r i d e s o l u t i o n ( ~ 5 0 a l ) , again eraploying the 
ice-bath. E x t r a c t i o n with solvent ether I n s e v e r a l portions 
( t o t a l volume = 400 ml) and atmospheric d i s t i l l a t i o n l e f t a 
f o u l - s m e l l i n g l i q u i d . T h i s , upon vacuum d l s t l i l a t i o n ( 4 " 
heating-tape v/rapped Yigreux column) produced the c l e a r , 
c o l o r l e s s product, bp 103-1100/2.1 t o r r , (7.3g, 7 3 % ) . Ho 
evidence f o r the p r i o r s y n t h e s i s of the phosphlne could be 
f 0 and. 
2-iI,H-diet:..ylaniIylphosphonous d i c h l o r i d e was synthesized 
i n a manner suggested by Viout?^ I n a 5 0 0 ml f l a s k equipped 
v/ith a west condenser and calcium c h l o r i d e drying tube (vith 
an HOI e x i t hose leading d i r e c t l y to the hood') was placed 
H , I - d i e t h y l a n i l i n e ( I 1 2 g ; 0.75 mole; Sastiaan Chemical mono-
f r e e ) and pnosphorus t r i c h l o r i d e ( 1 0 1 g; 0.75 mole). The 
yello'W mixture was placed on a steam bath f o r s i x hours during 
which time the mass s o l i d i f i e d . E x t r a c t i o n w i t h s e v e r a l 
portions of petroleum ether (30 - 60°) l e f t behind a la r g e 
quantity of white s o l i d (^-TOg). Tnls s o l i d proved not to be the 
desired m a t s r i a l since subsea^uent miethylation produced only 
a suDStance whose data resembled that of d i e t h y l a n i l l n e . 
Solvents were removed from the petroleum ether e x t r a c t s by 
atmospheric • pressure d i s t i l l a t i o n . Repeated attempts at 
i n vacuo d i s t i l l a t i o n f a i l e d due to con t i n u a l clogging of the 
apparatus. I n f r a r e d spectra of the n o n - d i s t i l l e d s e n i - s o i i d 
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m a t e r i a l su • ested that the product was present. 
2 - I , i G d i e t h y l a n l l y l d l m 8 t l i y l p h o s p h i n e was prepared I n 
a manner analogous to that used f o r ^rethoxyphenyldlmethyi-
phospnlne. 2-K,H-(iiethylanllylphosphonous d l o h l o r i d e vMOg) 
i n dry ether was treated v/ith methylmagrieisum c u l o r i d e 
(114 ml of 2.2 M I n THF; 0.25 mole) to give the dimethyl 
phosphlne, hp 113-115/1.5 t o r r (2.3 g . ) . This coaipound could 
not be found i n the l i t e r a t u r e . 
^xS.f^4('^"? ̂ ^/y Ef i / / / x uf^^' SZ^P^}"S S / r / ! ^ - / / ^ . / E 3 i ^ ' ^ ! ^ 
P-ethoxyphenyldiethylphospalne, and p - N , I - - d i e t h y l a n i l y l d i e t h y l 
phosjgiine were prepared by treatment of the appropriate phos-
phonous d l c h l o r i d e s with ethylmagnesium c h l o r i d e i n THF 
using the procedure outlined above f o r the dimethylphosphlnes. 
The b o i l i n g points and y i e l d s f o r these coapounds are as 
f o i l o w s : p-H, bp 71-76/2.9 t o r r ( l l t . ^ ^ 96-97/1Otorr), 52%; 
£-01, bp 104-106/2.2 t o r r ( l i t . 5 0 129-130/15 t o r r ) , 25%; 
£-HHt2, bp 120-124/2.3 t o r r ; £-OEt, 115-113/0.65 t o r r ( l i t . ' 5 
bp 275/atm. press.), 71%. Only the ^-HStg compound appeared to 
of new composition. 
Dimethyllodoarsine (caoodyl iodide) was prepared by the 
method of Burrows and Turner.^2 Oacodylic acid (25.Og; MO&B 
te c h n i c a l grade, 65% mln.; 0.18 mole i f 100%), potassium 
iodide (oOg; 0.43 uole) and vmter (100 ml) were placed i n a 
three-neclced f l a s h equipped with magnetic s t i r r e r , sulphur 
dioxide i n l e t tube, and wast condenser viith gas e x i t tube. 
(A trap was used betweerq the gas tank and r e a c t i o n v e s s e l . ) 
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The s o l u t i o n was saturated with SO2 by bubbling f o r ten 
minutes, then d i l u t e HOI ( 5 0 ml cone. HOI, 5 0 ml HgO) was added 
over a twenty minute period producing a red c o l o r . Overnight 
s t i r r i n g v/ith occasional periods of sulphur dioxide addition 
r e s u l t e d I n the formation of a red o i l and a yellow aqueous 
l a y e r . The o i l was d i s t i l l e d at at-nosoheric pressure using 
the 4 " heating-tape wrapped Yigreux column y i e l d i n g the 
yellow product, bp 155-157 ( l i t . 2 3 154-157), ( 1 3 . 0 g; 3 1 % 
y i e l d ) . 
The^ reaGt_ ln:4_£f _̂  dime thy l/iodppors^^ ^.G^lfi^^s-H, H-di;as t h ^ i l ^ 
anll^/magnes ium _ brg niile_ was c a r r i e d out i n tne f o l l o w i n g 
p 1 
manner." A 2 5 0 ml, three-necked f l a s k with magnetic s t i r r e r , 
dropping f u n n e l , .vest condenser, and nitrogen i n l e t was flame 
dried and purged with nitrogen. The f l a s k was f i l l e d with 
magnesiiua turnings (1.5 g; O .63 l o l e ) and anhydrous ether 
( 2 5 ml f r e s h l y d i s t i l l e d from calcium h y d r i d e ) . £ - 3 r o i a o -
d i a e t h y l a r i i l i n e ( 1 2 . 0 g; .063 mole) i n 50 ml StgO 'Was placed i n 
the dropping funnel and a few ml added to the f l a s k . Since 
no spontaneous r e a c t i o n occurred before or a f t e r the addition 
of a trace of iodine, " a c t i v a t e d magnesium" (prepared by the 
small s c a l e r e a c t i o n of e t h y l bromide on magnesi.-tia i n ether) 
was added. A f t e r a d d i t i o n of the a .ine was complete, the 
mixture was r e f l u x e d three hours. The s o l u t i o n was o h l l i e d 
and dimethyliodoarsine (13.0 g; O .056 .ole) was added during 
f i f t e e n minutes; s t i r r i n g was continued f o r 72 hours at room 
temperature. To the i c e - c o l d mixture was added dropwise 
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saturated amaoaiuia c i i l o r i d e s o l u t i o n (~'60 m l ) , followed by-
e x t r a c t i o n wi-fch ether. From these e x t r a c t s v/as i s o l a t e d a 
s o l i d (mp 50 - 52) whose spectrum resembled that of £-Dromo 
di m a t h y l a n i i i n e (up 5 5 ) . 
n-Hltrophenyldichloroarslne was prepared i n an apparatus 
s i m i l a r to that employed f o r dimethyliodoarsine. I n the 
f l a s k was placed ^-nltrooenzenearsonic a c i d (25.0 g; 0.10 mole), 
potassium iodide ( a t r a c e ) , and cone. HOI (220 ml). Sulphur 
dioxide was passed through the s t i r r e d s o l u t i o n f o r two hours 
a f t e r wnich ttie aixture was extracted witn three portions 
of benzene ( t o t a l volume = 300 ml ) . The orange e x t r a c t s 
were d i s t i l l e d a t atmospheric pressure, then f r a c t i o n a t e d 
i n vacuo on a Vigreux column. The product was c o l l e c t e d as 
a red o i l , bp T73-S0/0.23 t o r r ( l i t . ' ^ op 189/0.4 t o r r ) , 
(22.2 g; 8 2 % ) . 
The r e a c t i o n of p-nitrophenyldichioroarsine with methyl-
cadmium c h l o r i d e accordinw: to the procedure of Chsmokal' s k i i , 
Gel'fond, and Kamai^' was c a r r i e d out i n an attempt to synthesize 
£-nitrophenyldlmetnylarsine. I n a o n e - l i t e r f l a s k , f i t t e d with 
dropping f u n n e l , magnetic s t i r r e r , west condenser, and nitrogen 
i n l e t was placed anwydrous ether (100 ml f r e s h l y d i s t i l l e d ) 
and magnesium turnings (4,3 g; 0.20 mole). A f t e r t h i s f i x t u r e 
was cooled on an ice-bath, taethyl iodide (23.4 g; 0.20 mole) 
v/as added at such a r a t e that r e f l u x was maintained. The 
reagent was boiled one hour during which time I t turned dark 
green. To the i c e - c o l d Grignard v/as added anhydrous cadmium 
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c h l o r i d e ( 3 6 . 6 g; 0.20 mole; f r e s h l y dried i n 110© oven) over 
a f i f t e e n minute period. This t h i c k mixture, to vfalah a d d i t i o n a l 
ether had been added, was r e f l u x e d three hours. While again 
using an ice-bath, £-aitropuenyldlchloroarslne ( 2 2 . 2 g; 0 . 0 6 2 
mole) was dropped I n and r e f l u x i n g was continued two hours, then 
s t i r r e d a t room temperature overnight. To the c h i l l e d udxture 
was added d i l u t e HOI (10 ml con. HOI; 35 ml HpO). Three 
portions of ether were used to e x t r a c t the product. A f t e r 
evaporation of s o l v e n t s , the remaining o i l slowly s o l i d i f i e d . 
The m a t e r i a l v/as r e c r y s t a i l i z e d from benzene ( 1 6 0 ° 0, d.) to 
give a yeilov/ powder of unknown cooipositlon. 
A s i m i l a r procedure was used i n an attempt to prepare 
£-carboethoxyphenylit.7iethylarsine. £-P arboethoxy phenyl-
arsonic a c i d was reduced with sulphur dioxide and mydroomloric 
ac i d to give £-carboet loxypnenyldicplorarslne. Treatment of 
t n i s d i c h l o r o a r s i n e with methylcadmium c h l o r i d e yielded 
an uaicnown yellow product (135° d . ) . 
n-Ethoxyanlsole /as prepared i n the f o l l o w i n g manner. 
A 250 ml f l a s k was equipped with magnetic s t i r r e r , dropping 
funnel, and west condenser. Sodium,hydroxide ( 3 . 1 g; 0.078 
mole) d i s s o l v e d i n a minimum of water, then d i l u t e d with 
ethanol (100 ml) was added to trie f l a s k with £-aiethoxyphenol 
( 1 0.0 g; 0.073 mole). E t h y l iodide ( 1 5 . 6 g; 0 . 1 0 mole) was 
added dropwise over a t h i r t y minute period r e s u l t i n g i n an 
orange s o l u t i o n which i s r e f l u x e d b r i s i i l y f o r 23 hours. The 
l i g h t yellow s o l u t i o n was evaporated which l e f t behind a dark 
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s o l i d m a t e r i a l . Tvio r e c r y s t a l l i z a t I o n s from ethanol/water 
produced white c r y s t a l s , mp. 3 5 . 5 - 3 4 . 5 (lit . 3'':ap 3 6 - 3 7 ) . 
m-Dietaoxybenzene, £-dlet;ioxybenzene, and £-etn.oxy-
acetopaenone were s i m i l a r l y prepared I n good y i e l d s ; the two 
diethoxy coaipounds involved the a d d i t i o a of two equivalents 
of e t h y l iodide to r e s o r c i n o l and hydroqulnone,respectively. 
The p h y s i c a l data f o r these coiapounds i s as f o l l o w s : m-OSt, 
bp 1 0 5 - 1 0 6 / 0 . 6 5 t o r r ( l i t . 3 2 a 2 3 4 - 2 3 5/atm. p r e s s . ) ; 
o~OEt, mp 70-72 ( l i t . 3 2 h ..p 7 1 - 7 2 ) ; £ - 0 1 1 3 0 0 , mp 3 4 - 3 6 ( l i t . 3 2 c 
lap 3 6 - 3 7 ) . 
£-Ethyl-I',M-dietnylaniline was prepared by the method of 
Thomas, B l l l m a n , and Davls?3 j\ o n e - l i t e r f l a s k with west 
condenser was f i l l e d v/ith £~ethylaniline ( 2 5 . 0 g; 0 . 2 0 6 mole) 
and tr i e t a y l p h o s p h a t e ( 3 7 . 5 g; 0 . 2 0 6 mole). The mixture was 
heated gently with a ounsen burner u n t i l r e a c t i o n commenced. 
A f t e r the spontaneous b o i l i n g had ceased, the burner v/as 
returned and the two phase s o l u t i o n r e f l u x e d gently f o r three 
hours. To the cooled f l a s k was added a magnetic s t i r r e r . 
The mixture v/as hydrolyzed with HaOK s o l u t i o n ( 8 . 4 g; 0 . 2 1 
mole i n 2 0 0 ral water) overnight. Tne aqueous l a y e r was 
extract e d w i t h four portions of ether ( t o t a l volume = 2 5 0 ml) 
Removal of solvent l e f t a l i q u i d which was f r o c t i o n a t e d i n 
vacuo on a 'Vigreux column to give the c l e a r product, bp 
8 2 - 3 5 / 1 . 0 t o r r ( 1 6 g; 4 4 % ) . 
S,N,iM'' ,l'-tctraethylphenylenedia:nine , £-1,N-diethyl-
phenetidine, and £-a,B'-diethylamlnoacetophenone were prepared 
i n a s i m i l a r f a s h i o n . Ihe data f o r these compounds i s as 
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f o l l o w s : £-HEt2, mp 43.5-49-5 (lit.°'̂ '̂  mp 5 2 ) ; £ - G H 3 0 0 , 
laolscular d i s t i l l a t i o n 150/1.9 t o r r ( l i t . 3 3 47-.43); 
D-OEt, bp 1 2 1-23 / 3 . 0 t o r r . 
j>-Etr.oxyb^enz0n 11r 1 l e was prepared according to the -netnod 
of Olarke and Eeede^^. A o n e - l i t e r f l a s k f i t t e d with mechanical 
s t i r r e r , thermoiaster, and condenser was olaced I n an ice-bath 
and i n i t 'was placed cuprous cyanide (32.4 g; 0.36 n o l e ) , 
water ( 1 5 0 m l ) , and benzene ( 1 0 0 m l ) . The temperature was 
maintained at 0 - 5 ° . A 5 0 0 ml f l a s k with condenser, magnetic 
s t i r r e r , thermometer, dropping funnel, and r e s t i n g i n an I c e -
bath was charged with £-phenetidine ( 2 5 . 0 g; 0.132 mole) and 
d i l u t e HOI ( 3 0 ml con. HOI and 40 ml H 2 O ) . f h l l e maintaining 
the temperature of t h i s second f l a s k a t 0 - 5°, sodium n i t r i t e 
s o l u t i o n ( 1 2 . 6 g; 0.13 aole i n 40 ,ml water) was added dropwise. 
Anhydrous sodium carbonate v/as added u n t i l the mixture was 
n e u t r a l i z e d . The d i a z o t i z e d s o l u t i o n was added during a 
twenty minute period to the vigorously s t i r r e d cyanide 
s o l u t i o n with the temperature kept below 1 0 ° . A f t e r one hour 
of s t i r r i n g at 5°, the s o l u t i o n was warmed to room temperature 
over 5B hours. The mixture was heated to 5 0 0 0 f o r two hours. 
The product was extronted w i t h s e v e r a l portions of benzene 
and the s o l v s n t evaporated l e a v i n g a dark, t h i c k m a t e r i a l . 
This was subjected to sublimation to give a yellow s o l i d , 
mp 65-63 ( l i t . 3 ^ ap 6 9 ) . 
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I V . SPEOTaOSOOrlO DATA 
The nmr spectra were obtained by Mr. Charles D. Schaeffer, 
J r . and Mr. Richard H. Tuck of F r a n k l i n and Marshall College 
using a Varlan A-60A nmr spectrometer equipped with a Hewlett-
Packard Model 200 CD audio o s c i l l a t o r and Model 521 0 e l e c t r o n i c 
counter. Standard side-banding techniques were employed wi t h 
a probe teaperature of 40±3°0, Coupling constants are 
believed accurate to w i t h i n ±0.2 h e r t z , chemical s h i f t s to 
w i t h i n ±0.3 h e r t z , and I n t e r n a l chemical s h i f t s to w i t h i n 
±0.4 h e r t z . The values l i s t e d are the average of s e v e r a l 
t r a c i n g s ana, f o r chemical s h i f t s , are recorded r e l a t i v e to 
t e t r a m e t h y l s i i a n e (TMS) used as an i n t e r n a l standard. Data 
f o r some of the phenetoles, i I , H - d i e t h y l a n i l i n e s , and a r y l -
dietaylphosphines synthesized during t h i s p r o j e c t are not 
yet a v a i l a b l e . 
Carbon t e t r a c h l o r i d e was employed as the p r i n c i p a l 
solvent since i t should not i n t e r a c t w i t h the solutes and 
does not possess any i n t e r f e r i n g nmr absorptions. The 
phosphines, hov/ever, were not studied i n cawbon t e t r a c h l o r i d e 
since t r i v a l e n t phosphorus com nunds unite e z p l o s l v s l y with 
t h i s " i n e r t " s o l v e n t . Such vigorous r e a c t i o n with methylene 
c h l o r i d e and chloroform was not noted, but the poor c o r r e l a t i o n s 
of the phosphines i n these two solvents and the appearance of an 
a d d i t i o n a l spurious doublet i n the spectra run i n metaylene 
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c h l o r i d e suggest t h a t , again, some i n t e r a c t i o n i s occurring. 
A white s o l i d v/as obtained when these compounds were added to 
cyclohexane; tnus, benzene appeared to be the only reasonable 
solvent f o r the phosp lorus compounds. 
Table I records the chemical s h i f t s f o r a r y l d i m e t h y l -
phospnines, a r y l a l m e t h y l a r s i n e s , and a r y l m e t h y l s u l f i d e s i n 
the various solvents employed. Graphs I - ¥1 represent 
selected p l o t s of these £̂  values against s u b s t i t u e n t 
constants.,for the various s e r i e s . 
The coupling constants recorded I n Table I I were 
deter-ilned i n carbon tetracmiorlde vvith the exception of the 
phosphines which were studied i n benzene. Graphs V I I - I X 
show these J values as a function of sigma. 
The a v a i l a b l e data f o r the I n t e r n a l chemical s h i f t study 
of ethylbenzenes, pnenetoles and d i e t h y l a n i l i n e s are recorded 
i n Table I I I . The methyl, methylene, and I n t e r n a l s h i f t s 
recorded are extrapolated, i n f i n i t e d i l u t i o n values from three 
concentrations i n carbon t e t r a c h l o r i d e . Graphs X - XIX show 
each of these parameters versus the sigma constants. 
Regression analyses f o r these studies as v/ell as those 
f o r the oarbon, nitrogen, and oxygen analogs are recorded 
i n Tables I'V and V f o r ohenlcal s h i f t s and coupling constants 
r e s p e c t i v e l y . Table VI l i s t s these values f o r the i n t e r n a l 
s h i f t s t u d i e s . 
Many of the phosphorus, s u l f u r , and a r s e n i c compounds 
can be viewed as members of the s e r i e s of toluenes, a n i s o l e s , 
2 7 . 
NjE-dimethylaniiines and t~butylbenzenss. I n these cases, 
the chemical s h i f t s and coupling constants of the appropriate 
methyl groups were detormlnad and compared to the r e s t of the 
pr e v i o u s l y studied s e r i e s . These values are recorded i n 
Tables ? I I and Y I I I f o r S and J values r e s p e c t i v e l y . By 
employing the regression a n a l y s i s paraiaeters, apparent 
sigiua constants can be c a l c u l a t e d from t h i s data f o r the 
methylsulf ino , dlmethylpiiosphino , and dimethylarslno groups. 
Table IX l i s t s those values derived from c h e i i i c a l s n i f t data 
while Table X handles coupling constant data. 
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TABLE I 
Ohemical S h i f t s ^ ' f o r S u l f i d e s , Phosphines, and Arslnes 
X / > ? ( 0 H 3 ) 2 A A s ( 0 H 3 ) 2 
I 0 0 1 a OHQI3 'P^ GHOlj 0 0 1 4 OHOI3 
£-102 
- 0 1 L 
11-01 
£ - 3 r 
'Br 
o-H 
1 5 2 . 1 1 5 2 . 9 1 0 2 . 4 
145.5 H7V5 1 1 2 . 1 








145.9 143.4 1 1 9 . 7 
143.8 147.0 123.1 
144.6 147.6 122.3 
144.6 147.6 124.9 
142.6 145.3 1 2 5 . 2 
140.2 144.5 131.3 
7 6 . 5 
7 9 . 3 
7 6 . 0 
7 8 . 9 
7 7 . 9 
80.5 
7 6 . 7 
7 9 . 2 
7 5 . 6 





5 5 . 4 











7 0 . 0 7 1 . 7 5 2 . 9 
71.8 72.6 51.4 
71.7 7 2 . 3 5 0 . 4 
7 0 . 0 7 2 . 1 5 9 . 2 
6 8 . 2 70 . 8 6 1 . 0 
6 9 . 2 71.5 61.4 
6 7 . 9 7 0 . 2 6 1 . 2 
7 0 . 1 
67.6 
a. I n hprtz aounfleld froai TMS i n 1% w/t or v/v. 
h. The two values represent both s i d e s of the doublet 
r e s u l t i n g from the s p l i t t i n g of the methyl hydrogens by 
phosphorus. The values plotted on succeeding graphs are the 
average of these two. 
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GRAPHS I - I I I 
Ohenlcal S h i f t Versus CT 
7 6 . 0 h 
7 4 . 0 
30. 
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TABLE I I 
Ooupllrig Qonstants^ f o r Phosphines, A r s l n e s , and Suixides 
^ / ) Ble2 < ̂ /)AgMe2 ^ ̂ /)3Me 
X 
X Benzene o o u OOln 
£-102 140 . 7 
£ - 0 1 123.6 132.2 1 3 9 . 4 
m-Ol 1 3 2 . 4 
£-Br 1 2 8 . 7 139.6 
n~3r 1 3 2 . 4 
£-H 123.5 132.2 139.2 
£-0H3 128.2 132.3 139.2 
1I-OH3 1 3 2 . 0 139.1 
£-t-Bu 139.1 
D-00H3 128.1 131.9 139.1 
£-00113 132.0 
£-OBt 1 2 7 . s 132.0 
p-l(OH-^Jo 1 2 8 . 0 133.9 
a. I n hertz f o r 3 0 % v/v or w/v 
32. 
GRAIHS ? I I - I X 




- 0 . 6 0 - 0 . 3 0 0 . 0 + 0 . 3 0 + 0 . 6 0 
c r 
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TABLE I I I 
I n t e r n a l Ohenical Shifts®- f o r Etriylbenzenes, D i e t h y l a n i i i n e s , 
and Phenetoles 
^ j ) N( OH2OH3) 2 OOH2OH3 
X SOH--̂  ^OHq a ^OHz SOHo A goHg ^OHo A 
£-0H0 71.4 204.4 1 3 2 . 8 8 5.3 244.0 158.9 
£ - 1 0 2 7 6 . 7 165 .2 38.3 86.9 246.^ 158.5 
£ - 0 1 7 0 . 7 2 0 3 . 1 132.4 
£ - 0 1 3 0 0 7 4 . 1 1 6 0 . 2 8 6 . 1 
£ - 0 1 7 2 . 0 1 5 4 . 7 3 3 . 1 6 7 . 6 1 9 7 . 6 130.1 82.3 235 . 5 153.9 
£-Br 71.9 153 .6 82.5 6 7 . 6 1 9 7 . 3 130.1 82.1 235.5 153.7 
£ - 1 82.2 2 3 5 . 5 154.2 
m-01 68.4 197 . 7 130.0 
£ - 0 1 3 66.5 196.1 1 3 0 . 2 81 .2 235.5 1 5 4 . 6 
£-H 7 3 . 1 1 5 6 . 4 8 3 . 6 67.6 1 9 3 . 0 130.C 32.4 237.0 1 5 4 . 8 
£-0H3 71.1 153.3 32.0 65.6 195.2 1 2 9 . 2 30.0 2 3 3 . 3 1 5 4 . 5 
£-Bt 81.1 2 3 4 . 7 1 5 4 . 7 
£ - 0 0 X 3 7 0 . 3 152.7 81.8 6 3 . 9 1 9 1 . 5 127.9 
£ - 0 S t 7 0 . 9 1 5 2 . 6 82.0 6 3 . 4 190.5 127.A 
2-W.Q2 6 9 . 8 1ao.4 30.7 
£ - l E t 2 79.1 2 3 2 . 1 1 5 3 . 0 
a. I n hertz f o r 60 I h z . i n 10% C O I 4 
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GEAEH3 X AID X I 
^heialcal S h i f t Versus CZ £or Ethylbenzenes 
35. 
GRAPHS X n "AID X I I I 
Oheaical S h i f t Versus gz ^*°^ D i e t h y l a n i l i n e s 
3 6 . 
QRkrES I I ? AID X? 
Oheiaioal S h i f t Versus g^ Phenetoles 
c r 
37. 
GRAPHS XVI - X V I I I 
I n t e r n a l Ohemlcal S h i f t Versus gX f o r Phenetoles, D i e t h y l a n i l i n e s 
And Ethylbenzenes 
0 • 
-0.5 0.0 +0.5 +1.0 
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TABLE l Y 
Oheraical S h i f t Segresslon A n a l y s i s Parameters 
^ Y ( 0 H 3 ) n 
Y s o l . 0, hz.a 
0 OOI4 
-T^-—— 
4.56 78.5 0.946 0.752 7 
1 OOI4 9.59 173.9 0.964 1 .50 9 
P OH2OI2 3.33 76.7 0.703 1 .20 6 
P OHOI3 0.687 77.9 0.133 0.966 5 
P 06H6 -23.4 62.8 0.979 1.76 6 
As OOI4 5.79 69.4 0.968 0.403 9 
As OHOI3 2.81 71 .4 0.875 0,449 7 
As -18.3 53.0 0.966 1 .42 ^ 
0 0014 10.1 6.36(r) 0.916 0.0392 14 
s GOI4 7.91 145.0 0.961 0.950 9 
s OHOl^ 5.27 147.6 0.393 1.11 9 
s ^(^6 -22.7 113.9 0.933 1 .743 9 
a. Prom eouation ^ = + 0 . 
b. O o r r e l a t i o n c o e f f i c i e n t 
c. Standard d e v i a t i o n of r e s i d u a l s 
d. iLicaber of compounds 
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TABLE Y 
Coupling Constant Regression A n a l y s i s Parameters 
Y s o l . P, iiz.®- 0 , hz.®- gC 
0 1 . 0 3 125.6 0 . 9 2 8 0.136 8 
N C O I 4 1 1 3 4 . 5 0 . 9 7 4 0.153 9 
P 06H6 1.16 128.4 0 . 9 9 3 0.0433 6 
As CJOI4 1 3 2 . 1 0 . 6 9 0 0 . 1 5 1 9 
0 O O I 4 1 . 3 8 143 . 0 0 . 9 7 0 0.134 17 
s 0 0 1 ; 1 . 2 9 139.4 0 . 9 3 4 0 . 2 0 5 9 
a. From equation J = 'S.C + ^* 
b. C o r r e l a t i o n c o e f f i c i e n t . 
c. Standard d e v i a t i o n of r e s i d u a l s . 
d. lumber of compounds. 
4 0 . 
TABLE V I 
I n t e r n a l S h i f t Regression A n a l y s i s Parameters 
Y .a 0, hz.a S° r° n® 
Hone A 5.14 8 3 . 1 0 . 9 9 6 0 . 9 2 1 9 
Hone OHp 9 . 6 7 155 . 0 2 . 0 8 0 . 9 0 6 9 
Hone 4.51 72 . 0 0 . 3 7 1 0 . 9 2 2 9 
I A 3.15 1 2 9 . 3 0 . 6 8 5 0 . 9 2 4 10 
M 3 . 2 2 195 .3 1 . 6 5 0 . 9 3 4 10 
M OI-I3 4 . 9 5 6 6 . 2 0 . 9 0 2 0 . 9 4 4 10 
0 A 3 . 0 7 1 5 4 . 4 0 . 9 4 5 0 . 3 9 4 10 
0 OHp 7.52 2 3 5 . 3 1 .41 0 . 9 5 6 10 
0 OHg 3.92 8 1 . 4 0 . 5 3 5 0 . 9 7 6 10 
a. Prom e quatlon S = g: + 0. 
h. Soanda rd d e v i a t i o n ox res i d u a l 3 
c. Oorrel a t i o n c o e f f i c i e n t 
d. lumber of compounds 
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TABLE Y I I 
Methyl Ohexiical S h i f t s 
A. Oarbon T e t r a c h l o r i d e 
Substltuent A n i s o l e s Toluenes 
£-H 
2 ~ A s ( 0 1 3 ) 2 
m-As(0 1 3 ) 2 
ja-soHj 
m-SOHx 
2 2 5 . 5 
2 2 5 . 3 








a n i l I n e s 
175.3 
1 7 4 . 6 
t - B u t y l -
B e 112 e lies 
7 3 . 8 
7 7 . 7 
3. Ohloroform 
Substltuent Anisoles Toluenes 
£-H 
£~f ( 0 H 3 ) 2 
£-As ( a H 3 ) 2 
m-As( 0113)2 








1 3 3 . 1 
Di raethyl-
a n i l i n e s 
130.5 
175.5 
t - B u t y l -
Benzenes 
7 3 . 1 
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TABLE V I I I 
Methyl Coupling Constants 
C 
Substituent Anisoles Toluenes Dimethyl-
a n i l i n e s 
t T B u t y l -
benzenes 
£-H 143.0 1 2 5 . 3 134 .5 1 2 5 / 5 
£ - ? ( 0 ^ 3 ) 2 143 .7 1 2 6 . 0 1 3 5 . 4 
£-As( 0113)2 143.4 126,1 
m-As( 0x13)2 143 .2 1 2 6 . 0 
T)-S0H3 143.4 1 2 6 . 3 134 .9 1 2 5 . 8 
ra-SOK-2 1 2 6 . 7 
— • " 'y" •' 
TABLE I X 
Sigma Constants from Chemical . S h i f t s 
Substituent Anisoles Toluenes Dliaethyl-
a n i l l n e s 
t - B u t y l -
benzenes 
£-AS( 0113)2 +0.10 - 0 . 0 2 
m-As( 0113)2 +0 .21 +0.08 
£-SCH3 +0.04 -0.12 +0.07 - 0.13 
la-SOH-;?; -0.05 
TABLE X 
Sigma Constant s from Ooupling Oonstants 
Substituent Anisoles Toluenes Dimethyl-
a n i l i n e s 
_ t - B u t y l -
benzenes 
£-P ( 0 H 3 ) 2 + 0 . 5 2 +0 .06 +0 . 6 0 
£-As( 0113)2 +0.29 +0 . 12 
m-As( 0113)2 +0.15 + 0 . 0 6 
P-SOH3 +0.23 + 0 . 2 3 + 0 . 2 7 +0 .19 
m-30Hq +0.46 
V. RESULTS 
An examination of the regression a n a l y s i s c o r r e l a t i o n 
c o e f f i c i e n t s suggests that i n these studies l i n e a r r e l a t i o n s h i p s 
have, w i t h a few exceptions, been e s t a b l i s h e d f o r each of the 
three mar parameters ( J,Ak) with Hammett 2£ constants. The 
l a c k of l i n e a r i t y f o r the phospnines i n methylene c h l o r i d e or 
chloroform can be r e a d i l y explained by the solvent i n t e r -
actions previously discussed. The chemical s h i f t c o r r G l a t i o n 
I n chloroforra f o r the s u l f i d e s and a r s i n e s i s a l s o l e s s than 
might be desired. Again, s o l v e n t - s o l u t e i n t e r a c t i o n argu-
ments ralght be invoked: the " a c i d i c " hydrogen i n chloro-
form may be involved i n hydrogen bonding with the unshared 
ele c t r o n s found on both sulphur and a r s e n i c . Good to e x c e l l e n t 
r e s u l t s f o r ^ have been obtained f o r ooth carbon t e t r a c h l o r i d e 
and benzene. 
The dimethylarsines f a i l e d to produce a good c o r r e l a t i o n 
f o r coupling constant data. The minimal change i n these 
values observed f o r t h i s s e r i e s suggests that the d i f f e r e n c e s 
i n J are too s n a i l to be well-handled by t h i s techalque. 
Thus, the apparent low t r a n s n i t t i v i t y of the a r s e a l e atom might 
represent the l i m i t of the use of t n i s mar parameter v/ith 
sigma constants. 
An i n v e s t i g a t i o n of the parameters f o r the e t h y l comuounds 
shows an i n t e r e s t i n g r e s u l t . The use of the " i n t e r n a l 
cheaiical s h i f t " did not produce b e t t e r c o r r e l a t i o n s than the 
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other tschnlaues p r e v i o u s l y employed. Thus, at l e a s t f o r 
the ethylDsnzeries, d i e t h y l a n i l i n e s , and phenetoles, the use 
of t h i s A value I s apparently not to be pref e r r e d to chemical 
s n i f t s or coupling constants. However, i t i s conceivable that 
f o r the l a r g e r atoms, f o r instance phosphorus or a r s e n i c , 
the anisotropy e f f e c t s oight be more pronounced, i s anlsotropy 
i n c r e a s e s , b e t t e r e o r r e l a t i o n ojlth I n t e r n a l s h i f t than with 
chemical s h i f t may be noted. 
Oomparisons of the magnitudes of the slopes obtained f o r 
those s e r i e s which y i e l d e d s a t i s f a c t o r y c o r r e l a t i o n s can be 
used to evaluate the r e l a t i v e t r a n s m l t t i v i t l e s of the p a r t i c u l a r 
" Y " atoms i n s t r u c t u r e s of type X 2/ "̂ -̂̂  chemical s h i f t 
data i n OOI4 suggests an order of 0 > S ; H'>As; and S>As, 
The q u e s t i /nable chloroform data v/ould also support the 
conclusion that sulphur i s be t t e r than a r s e n i c i n t r a n s m i t t i n g 
substltuent e f f e c t s from the aromatic system to the attached 
a l k y l groups. The benzene cheaiical s h i f t data suggests a 
t r a n s m i t t i n g order of P > S > A s . The negative slope obtained 
f o r each s e r i e s i n benzene again points to the existence of 
a s o l v s n t - s o l u t e charge t r a n s f e r or dipole-inducea dipole 
cooiplex^ I n these systems. 
The coupling constant data shows I 0 > 3 ; and 3;^P, 
I f any f a i t n can be placed i n the a r s e n i c coupling constant 
data, then P>As i n i t s a b i l i t y to t r a n s f e r s ubstltuent e f f e c t s . 
Thus, the combined data I n d i c a t e s that f i r s t row elements 
are b e t t e r t r a n s m i t t e r s of e f f e c t s than second raw or the 
4b. 
l e a s t e f f e c t i v e t h i r d row elements. S i l i c o n and germanium, 
i n s i m i l a r s t u d i e s ^ ^ ^ have proved l e s s e f f e c t i v e i n the 
t r a n s f e r of s u b s t i t u e n t e f f e c t s than any of the atoms de a l t 
with i n t h i s paper. This i s expected since the absence of 
unshared el e c t r o n s on these two atoms provides f o r l e s s inter' 
a c t i o n s v/ith the aro;natic system. 
The i n t e r n a l s h i f t studies show ethylbenzenes ^ ^ d i e t h y l -
a n i i i n e s ^ phenetoles. The greater trans u i t t i v i i y i n e t h y l -
benzenes i s expected since they possess no i n t e r v e n i n g 
atoms between the aromatic system and the observed e t h y l 
groups. The N>0 order i s supported by the coupling constant 
data/ f o r the corresponding methyl s e r i e s . 
The greater t r a n s m i t b l v i l y of f i r s t row elements may be 
r a t i o n a l i s e d by atomic s i z e considerations. The l a r g e r 
s i z e of second and t u l r d row elements provides f o r poorer 
overlap between the aromatic TT e l e c t r o n system and the £ 
o r b l t a l s of the heteroatom. E f f e c t i v e overlap i s necessary 
f o r good t r a n s f e r of s u b s t i t u e n t e l e c t r o n i c e f f e c t s . 
The small d i f f e r e n c e s between the t r a n s a i t t i v i t i e s of 
the Group V and Group 'VI elements as opposed to the l a r g e r 
d i f f e r e n c e s between the corresponding f i r s t , second, and 
t h i r d row elements suggest that oxygen and nitrogen have 
s i m i l a r t r a n s f e r e f f e c t s v/hile sulphur and phosphorus pass on 
e f f e c t s almost equally w e l l . 
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Examination of the tables (Tables V I I and V I I I ) i n 
which the methylsulf ino, diaethylpliospdino, and dimethyl-
arslno groups are viev/ed as s u b s t i t u e n t s on the p r e v i o u s l y 
studied s e r i e s of toluenes, a n i s o l e s , NjM-dlmethylanillnes, 
and t-but.ylbenzenes makes possible an e v a l u a t i o n of the 
s u b s t i t u e n t nature of these three groups. A chemical s h i f t 
greater than that f o r the unsubstituted parent i n these 
s e r i e s would be i n d i c a t i v e of decreased e l e c t r o n d e n s i t y of 
the absorbing methyl group hydrogens wnlle a greater coupling 
constant suggests more s c h a r a c t e r of the methyl 0-H bonds. 
Thus, e i t h e r a l a r g e r chemical s h i f t or coupling constant 
implies t h a t the s u b s t i t u e n t i s withdrawing e l e c t r o n s from the 
aromatic system. 
A comparison of Tables V I I and V I I I provides some 
confusing r e s u l t s . Ohemlcal s h i f t data, showing mostly a 
loner ^ f o r the s u b s t i t u t e d compounds, suggest that these 
s u b s t i t u e n t s are donating e l e c t r o n s . That i s , (p-£)/jf 
resonance seeois ioiportant. However, the coupling constants, 
which are greater than those ox the unsubstituted parents, 
point to a s u b s t i t u e n t withdrawal of electrons v / i t h (o-djtjj, 
resonance e f f e c t s important. 
An a n a l y s i s of the p r e v i o u s l y obtained S versus 
plots f o r toluenes, a n i s o l e s , d i m e t h y l a n i i i n e s , and t - b u t y l -
benzene hov/ever, suggests that such a comparison with the 
unsubstituted parents may not be j u s t i f i e d . I n many cases, 
the unsubstituted parent seemed to provide anomalous r e s u l t s , 
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with i t s value l y i n g above the regression a n a l y s i s l i n e . 
Oomparisons of the sigma constants obtained by using the 
regression a n a l y s i s values would, therefsrg^ provide a b e t t e r 
b a s i s of cooiparison since the questionable unsubstituted 
values are not employed d l r e c u l y . The chemical s h i f t values 
f o r chlorofrom cannot be compared on t h i s b a s i s , since 
no r e g r e s s i o n parameters are a v a i l a b l e f o r those four s e r i e s 
i n t h i s s o l v e j i t . 
The sigma constants, found i n Tables I X and X, continue 
to provide some confusion. The chemical s h i f t r e s u l t s are 
about equally divided between p o s i t i v e and negative values 
while the coupling constants c o n s i s t e n t l y shew p o s i t i v e 
constants, i n d i c a t i v e of e l e c t r o n 'withdrawal. Since coupling 
constants should be l o s s subject to solvent or a n i s o t r o p i c 
v a r i a t i o n s and since the unsubstituted parents f o r t h i s nmr 
paraoieter l i e on the r e g r e s s i o n l i n e s , i t seems reasonable to 
put more confidence i n the J - v a l u e s . These p o s i t i v e 
constants point to the Importance of (£"d)i|. bonding i n these 
This e l e c t r o n wlthdravail cannot be a t t r i b u t e d to e l e c t r o -
n e g a t i v i t y arguments alone as demonstrated by the comparisons 
of the nitrogon, phosphorus, and a r s e n i c analogs as w e l l as 
the oxygen and sulphur analogs I n Table X I . The e l e c t r o -
systems: 
® 4a 4c 
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n e g a t i v i t y decrsaee as one proceeds down a f a m i l y i n the 
periodic t a b l e would lead to a p r e d i c t i o n of decreased a b l x l t y 
to a t t r a c t e l e c t r o n s . However, the increoas i n magnitude of 
the ooupling constant or chemical s h i f t i n d i c a t e s more 
e f f e c t i v e e l e c t r o n withdrawal. Thus, t h i s data points to 
another f a c t o r removing el e c t r o n s frooi the aromatic system; 
( p ~ d ) ^ bonding seems the iiiost reasonable answer. 
I t i s i n t e r e s t i n g to note that i n the cases i n which 
the parent s u b s t i t u e n t can show ixs)^ i n t e r a c t i o n s ( a n i s o l e s 
and d i o i e t h y l a n i l i n e s ) the extent of (£-d)^ I n t e r a c t i o n s of the 
phosphorus, a r s e n i c , or sulphur substituent aopears to increase 
as r e f l e c t e d i n the more p o s i t i v e values of the qZ. constant. 
This i s shown not only i n the J value but al s o i n the ^ 
value. This i s not an unexpected r e s u l t and points to the 
importance of a di p o l a r resonance s t r u c t u r e : 
X = OOH3 X = OOH 
4 9 . 
s 
213 
2 2 5.3 
J 
142.3 
TABLE X I 
E l e c t r o n e g a t i v i t y Oonparlsons 
Oompound 
143.7 ^ H 3 Q ( ^ P ( 0 1 1 3 ) 2 
143.4 0 H 3 a ( ^ ) As ( 0 1 1 3 ) 2 
S I e c t r o n e g a t i v i t y 
H : 3.0 
p. o 1 
As: 2 . 0 
1 2 5 . 2 
1 2 6 , 0 O H | ^ 0 1 1 3 ) 2 
H: 3 . 0 
P: 2.1 
126.1 o'3( } A s ( 0 H 3 ) 2 As: 2.0 
216 142.6 0 1 3 0 1 ^ ^ 0 0 1 1 3 OL 3 . 5 
224.6 143.4 S: 2 . 5 
135.3 1 2 5 . 7 0 H 3 < ^ " ^ ^ OOH3 0: 3 . 5 
137.4 126 . 3 0 H 3 < ^ 3OH3 3 : 2 . 5 
a. 
Okemical 
1 9 6 0 , p. 
Values 
Bond", 
9 3 . 
taken i r o n Pauling, "The 
Gornell U n i v e r s i t y Press 
Nature of the 
, I t h a c a , H.I. > 
50. 
¥ 1 . oU^GARY 
This p r o j e c t demonstrates the study of subs t i t u e n t 
e f f e c t s i n soxae r e p r e s e n t a t i v e aromatic systems through the 
use of nmr parameters. C o r r e l a t i o n s of methyl chemical s h i f t s , 
carbon-13 proton coupling constants, and I n t e r n a l chemical 
s h i f t s of e t h y l groups with Hammett sigma constants have 
proven s u c c e s s f u l . 
These r e s u l t s have been used to evaluate the r e l a t i v e 
a b i l l t v of var i o u s atoms to transmit s u b s t l t u e n t e f f e c t s 
from the aromatic system to attached a l l c y l groups. Row One 
elements have been found more e f f e c t i v e than Row Two or Three 
elements while small d i f f e r e n c e s e x i s t between Group V and 
Group V I elements. 
An eval u a t i o n of the m e t a y l s u l f i n o , dimethylphosphino, 
and dimethylarslno groups as s u b s t i t u e n t s points to the 
importance of (p-d_)/^ bonding i n the systems studied. 
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